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ABSTRACT 



A coil is serially connected to a capacitive display unit, 
such as an EL display panel, which includes an insulat- 
ing display element sandwiched between a pair of elec- 
trodes. The coil and the electrostatic capacitance of the 
display unit function, in combination, to form an LC 
resonance ckcuit, which limits transient current flow- 
ing through the insulating display element and enables 
the display unit to operate in a low power dissipation 
mode. An alternating driving signal to be applied to the 
display imit has an intermediate potential period on 
which a writing pulse is superimposed, therd)y to mini- 
mize high voltage requirement of the writing circuit 

11 daims, 35 Drawing Figures 
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FIG. 23 
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FIG. 25 
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CONTROL SYSTEM FOR DRIVING A 
CAP ACmVE DISPLAY UNIT SUCH AS AN EL 
DISPLAYPANEL 

BACKGROUND OF THE INVENTION ^ 

The present invention relates to a control circuit for 
driving a capacitive display unit such as an EL display 
panel. 

Recently, a new fact has been discovered that a cer- iO 
tain type of the light-emitting dements such as ZnS 
thin-film light-emitting elements exhibits hysteresis be- 
havior in its light emitting mechanism. Thus, utilization 
of such hysteresis behavior makes it possible to provide 
the Lght-emitting elements with memory capacity so 
that a matrix of such light-emitting bbdy may provide 
character display (unctions in a two-dimensional man- 
ner. 

A typical drive system for the above-mentioned ma- 
trix paihel is disclosed in, for example, U.S; Pat No. ^ 
3,946.371 to Kenzoo Inazaki, Yoshiharu Kanatani. 
Masahiro Ise, Etsuo Mizukami and Chuji Suzuki, enti- 
tled *T>RIVE SYSTEM FOR MEMORY MATRIX 
PANEL", issued on Mar. 23i 1976. . 

In such a drive syston, an alternating sustaining pulse 
is required to be applied to the whole area of the display 
panel in order to maintain the light-emitting condition 
of the written position or the erased position. As is well 
known, the thin-film EL element is a c^acitive display 
element, and the total capacitance of the display panel is 
considerably high when a large display panel is fabri- 
cated. When such a large display panel is driven 
throu^ the use of conventional CR charging and dis- 
charging switching technique, a large transient current 3^ 
flows through the display element. This will damage 
the switching elements and electrodes formed on the 
thin-film EL display panel. It is required to limit the 
transient current without increasing the power dissipa- 
tion. Such problems occur not only in the EL display 40 
panel but also in usual capacitive display units, such as 
a plasma display unit and a liquid crystal display unit, 
which have an insulating display layer sandwiched 
between a pair of electrodes. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

Accordingly, an object of the present invention is to 
provide a driving circuit for driving a capacitive display 
panel in a low power dissipation mode. 50 

Another object of the present invention is to provide 
a driving circuit for enabling an BL display panel hav- 
mg hysteresis characteristics to emit light in high 
brightness. 

Still another object of the present invention is to 55 
provide a switching circuitry for applying an alternat- 
ing driving voltage signal to an EL display panel 
through the use of a DC power source. 

Yet another object of the present invention is to pro- 
vide a driving systein for driving an EL display panel, 60 
wherein high voltage requirement of a circuit for devel- 
opinjg a writing pulse is minimized. 

A further object of the present invention is to provide 
a driving system for a memory matrix EL panel which 
ensures accurate writing operation. • ■ 65 

A still further object of the present invention is to 
stabilize the sustaining operation in an EL display panel- 
having hysteresis characteristics. 
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A yet further object of the present invention is to 
minimize a required number of input wires of a writing 
switch circuitry in a driving circuit for an EL display 
panel 

Another object of the present invention is to provide 
a driving method for an EL display panel,, wherein 
writing operation is performed in considerably high 
speed. 

Still another object of the present invention is to 
provide a line erasing circuit for applying an erasing 
voltage signal to a desired line in a memory matrix EL 
pand. 

Yet another object of the present invention is to pro- 
vide a read out circuit for reading out the condition of 
any point in a memory matrix EL panel. 

A further object of tiie present invention is to provide 
a capacitive display panel and a drive system thereof 
suited for an input and output terminal of a computer. 

Other objects and further scope of iaLppHcabiltty of the 
present invention will become apparent from the de- 
tailed description given hereinafter. It should be under- 
stood, however, that the detailed description and spe- 
cific examples, while indicating preferred embodiments 
of the invention, are given by way of illustration only, 
since various changes and modifications within the 
spirit and scope of the invention will become apparent 
to those skilled in the art from this detailed description. 

To achieve the above objects, pursuant to an embodi- 
ment of the present invention, a coU is serially con- 
nected to a capacitive display panel such as a memory 
matrix EL display panel. The coil and the electrostatic 
capacitance of the display panel function, in combina- 
tion, to form an LC resonance circuit, which limits 
transient current flowing through the capacitive display 
panel and enables the display panel to operate in a low 
power dissipation mode. A rectifying means is inter- 
posed between the display panel and the coil, thereby to 
maintain the potential of the capacitive elements at a 
desired value. 

A driving circuit for activating the display panel is 
adapted to develop an alternating driving signal having 
an intermediate potential period on which a writing 
pulse is superimposed, thereby to minimize high voltage 
requirement of a writing circuit and to permit rapid 
writing operatioa 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully under- 
stood from the detailed description given hereinbelow 
and the accompanying drawings which are given by 
way of illustration only, and thus are' not limitative of 
the present invention and wherem, 

FIG. 1 is a perspective view showing a typical con- 
struction of a memory matrix EL panel; 

FIG. 2 is a graph showing brightness of electro- 
luminescent versus apphed voltage characteristics of an 
EL element for use in the present invention; 

FIG. 3 is a schematic circuit diagram showing a prin- 
cipal construction of a driving circuit of the present 
invention; 

FIG. 4(a) is a graph showing a current waveform in 
die circuit of FIG. 3; 

FIG. 4(b) is a graph showing a voltage waveform in 
the circuit of FIG. 3; 

FIG. 5(a) is a jgraph showing a current waveform for 
use in explanation of operation of the drcuit of FIG. 3; 

FIG. 5(b) is a graph showing a voltage waveform for 
use in explanation of operation of the circuit of FIG. 3; 
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. FIG. 6 is a detailed circuit diagram ofan embodiment 
of a drive circuit of the present invention; 

FIG. 7 is a schematic circuit diagram showing a prin- 
cipal construction of another embodiment of a drive 
circuit of the present invention; 3 

FIG. 8 is a detailed circuit diagram of still another 
embodiment of a drive circuit of the present invention; 

FIGS. 9 and 10 are simplified circuit diagrams of the 
circuit of FIG. 8; 

FIG. 11 is a detailed circuit diagram showing a part 10 
of the circuit of FIG. 8; 

FIG. 12(a), 12(b) and 12(c) are time charts showing 
operation of the circuit of FIG. 8; 

FIG. 13 is a time chart showing a condition when a 
compensation circuit for a half selected level in writing 15 
operation and a sustaining potential stabilizing circuit in 
the circuit of FIG. 8 are omitted; 

FIG. 14 is a circuit diagram showing a part of yet 
another embodiment of a drive circuit of the present 
invention; 20 

FIG. 15 is a circuit diagram showing a part of a fur- 
ther embodiment of a drive circuit of the present inven- 
tion; 

FIG. 16 is a time chart showing operation of the 
circuit of FIG. 15; 25 

FIG. 17 is a chart showing conditions of each picture 
point of a memory matrix EL panel; 

FIG. 18 is a time chart showing operation of the 
circuit of FIG. 8; 

FIG. 19 is a circuit diagram of an embodiment of a 30 
compensation circuit for a half selected level in writing 
operation included with the circuit of FIG. 8; 

FIG. 20 is a circuit diagram of an embodiment of a 
sustaining potential stabilizing circuit included withm 
the circuit of FIG, 8; 35 

FIG. 21 is a circuit diagram of an embodiment of a 
write switching circuit included within the circuit of 
FIG. 8; 

FIG. 22 is a time chart showing operation of usual 
write drive; 40 

FIG. 23 is a time chart showing operation of rapid 
write drive; 

FIG. 24 is a plan view of a memory matrix EL panel 
showing a written point and an enabled region for writ- 
ing; 45 
. . FIG. 25 is a time chart showing line erasing drive 
op^tion; 

FIG. 26 is a circuit diagram of an embodiment of a 
line erasing circuit included within the circuit of FIG. 8; 

FIG. 27 is a circuit diagram of ah embodiment of a 50 
read-out drive circuit included within the circuit of 
FIG. 8; 

FIG. 28 is a circuit diagram of an embodiment of a 
read-out detector included within the circuit of FIG. 8; 

FIG. 29 is a time chart showing read-out drive opera- 55 
tion; and 

FIGS. 30(a) and 30(b) are graphs showing read-out 
current waveforms in a written point and a not-written 
point, respectively. 

DESCRIFnON OF THE PREFERRED ^ 
EMBODIMENTS 

Referring now in detail to the drawings, and to facili- 
tate a more complete understanding of the present in- 
vention, a typical construction and a characteristic of a 65 
memory matrix EL panel for use in the present inven- 
tion will be first described with reference to HGS. 1 
and 2. 



A plurality of transparent line electrodes 2 are formed 
on a glass substrate 1. A dielectric fihn 3 made of, for 
example, YjO^or N^Si is formed on the transparent line 
electrodes 2 and the glass substrate 1, and upon which 
an electro luminescent layer 4 made of a ZnS thin film 
doped with manganese is formed. Another dielectric 
fdm 3' is formed on the electro luminescent layer 4 to 
the thickness of 5O-50OOA through the use of evapora- 
tion technique or a spattering method. A plurality of 
transparent Ime electrodes 5 are formed on the dielec- 
tric film 3' in such a manner that the electrodes 2 and 5 
cross with each other at a right angle. With such an 
arrangement, a matrix drive can be achieved by apply- 
ing selection signals to the electrodes 2 and 5. 

Respective picture points in the matrix EL panel 
exhibit a hysteresis behavior in the brightness versus 
applied voltage curve as shown in FIG. 2. At first, 
when a pulse of a voltage amplitude of V, is applied to 
the element, the element emits light at brightness Bj. 
Such a sustaining voltage Vj must be greater than or 
equal to a light-emission threshold voltage Vth. When a 
write-in voltage V2is applied to the element, the bright- 
ness is increased to a level Bjand, thereafter, the bright- 
ness is maintained at a level Bj, which is greater than the 
level B„ by application of the following sustaining volt- 
age V,, That is, the write-in operation is performed. 

Under these conditions, when an erasing voltage Vjis 
applied to the element, the brightness is suddenly re- 
duced and, thereafter, the brightness is maintained at 
the level by the follovsong sustaining voltage V,. The 
hysteresis curve configuration can be desirably changed 
by changing the voltage sunplitude or the pulse width of 
the write-in voltage. That is, a display of intermediate 
tone can be achieved. It will be clear from the foregoing 
description that the above EL display panel has a mem- 
ory function. Preferred voltage levels of the respective 
signals are as follows: 

Vth = 200V; 

Vi = 210V; 

Vj = 23a-280V; and 

Vj = 190V 

FIG. 3 shows a principal construction of a drive 
circuit of the present invention. 

The EL display panel is one of a capacitive display 
panel and, therefore, the capacitive component of the 
EL display panel is designated by C. A series circuit 
consisting of a diode D|, a coil L], a resistor Ri and a 
switching element SW, is interposed between the capac- 
itive component C and a positive DC power source E]. 
And anotiier series circuit including a diode Dj, a coil 
Lj, a resistor R2 and a switching element SW2 is con- 
nected between the capacitive component C and a nega- 
tive DC power source £2. The diodes Di and Dj are 
connected in forward directions with respect to the 
power source E| and E2, respectively. The resistors R| 
and R2 include resistance values of the electrodes 
formed within the EL display panel and equivalent 
resistance of the circuitry. 

Operation of the circuit of FIG. 3 will be described 
with reference to FIGS. 4(a) and 4(b). 

When the switching element SW] is on and the 
switching element SW2 is off, a period a in FIG. 4(a), a 
charging current if flows from the positive power 
source H-Ei. The voltage level of the capacitive compo- 
nent C is V|, which is greater than the power source 
voltage Ei, when a half cycle period of the LC reso- 
nance frequency has passed as shown in FIG. 4(b). At 
this moment, the diode Dj is biased backward and, 
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therefore, the voltage V| is held. During this holding FIGS. 5(a). and 5(b) show the variation modes of the 

period 'the switching element SW, is cither on or off, current if and the voltage Co- In the case of a senes 

and the switching element SWj is kept off resonance circuit wherein the diode D, is onutted, the 

During Uie following period c the switching element attenuating oscillation is performed as shown in broken 
SWj is off, and the switching element SWj is on and, 5 lines in FIGS. 5(a) and 5(b). When the diode Dj is con- 
therefore, a current ir flows from the negative power nected to the circuit in a scries fashion, the resonance is 
source -Ejas shown in FIG. 4(a). When the half cycle performed during the first half period following the 
period has passed, the diode Di is off and, hence, the throwing of the switch SW, since the diode D, is biased 
voltage Vj is held. During the following holding forward. But the voltage potential across the capacitor 
period d the switching element SW, is kept off, and the 10 c is held after the half cycle period (t = ir/fi has 
switching element SWj is either on or off. passed because the diode D, is biased backward. This 

The above-mentioned operation is repeated, thereby condition is shown by solid line in FIG. 5(b). The hold- 
to apply sustaining pulses to the EL display panel. The jug voltage can be expressed as follows: 
resonance frequency of the LC resonance circuit func- 
tions to limit the current flowing to the capacitive com- 15 E, (l + (3) 
ponent C, and the diode functions to hold the voltage 

level. The current limiting condition can be changed by a approximates zero in an ideal condition where the R 
selectively varying the inductance of the coils L, and approximates zero, the forward resistance of the diode 
Lj, and the frequency of the sustaining pulses can be is negligible and the power dissipation at the capacitive 
changed by varying the switching frequency of the ^0 component C and the coil L is also negligible. There- 
switching elements SW, and S Wj. The EL display panel fore, e^M 2E, is derived from the equation (3). That is, 
emits light at high brightness because the voltage levels the voltage is held at an amplitude twice the power 
y I and Vjare held and, hence, the EL element receives voltage E,. 

the voltage | V, -h V2 1 , which is greater than the power The energy dissipation during the first half period 

source voltage | E, -h Ej | , at the svvdtchii^g operation. 25 following the throwing of the switch SW, under the 

Moreover, the power dissipation is minimized in the ideal resonance can be expressed as follows: 
above-mentioned circuit, the reason of which is as fol- 
lows: [2Lif.e^fir 

Now assume the condition where the current if is Jof 
flowing from the positive DC power source -1-E, to the ^ 2 
capacitive component C. =— / y skifr (l - co^/7)rfr 
When thediodeDiisomittedfromthecircuitof FIG. (4) 
3, the circuit is a convaitional LCR series resonance ^ iEl. 
circuit When the switch SW, is closed, the current if fL 

expressed below flows from the DC power source E|, /.x u ^ r 11 

and a voltage +eo expressed below appears across the The equation (4) can be expressed as follows smce 

capacitor C. 



■■-k idr jpi (5) 



45 



LC 



-jr^^i - e "(^ sinfr -I- co^) ^ That is, the energy required during this half period is 

that required to charge the capacitive component C to 

= F,{ I - e-'^i^ «nfr + co^) the level 2te,. . 

^ ^ Although the thin-film EL element is a capacitive 

element, it is not a capacitor of no loss. The loss is con- 

1^ I 1 f c^nrr.. P . siderably low when the element is driven by low voh- 

E, IS a voltage level of the i^wer source E„ ^.^^ ^^^^ ^^^^^ 

L IS an mductance value of the coU L; ^^^^^ occurs in a nonlinear, fashion when the 

C ^ a capacitance value of the capacitive component ^^^^^^ ^^^^ ^^^^^^ ^ ^p^^^ 

^ Moreover, the power dissipation occurs at the elec- 

trodes, switching elements and the cofl and, therefore, 
\ the power must be suppUed from the power source to 

i^n^"^^ I perform the resonance. In order to facihtate an under- 

^ standing, the non-linear factor such as the emission loss 
is omitted from the following consideration. In FIG. 3, 
constant resistors R, and are incorporated in the 
circuit to form an LCR series resonance circuit, the 
Si« ic~<^iUfltion con<«tion' resistors R, and R2 including the electrode resistance, 

NTc" " 4£,i -JL- > 65 the on resistance of the switching elements and the 

resistance value of the coil. The necessary power volt- 
age to drive the circuit in the normal condition of 4-V 
to —V drive is as follows: 




/ ^ 

the natural oscillation frequency 
under the oscillation condition 



LC > 4ii 



08/09/2003, EAST Version: 1.04.0000 



4,070,663 

7 8 

age to a desired X-line in a write-in phase, and to 
» (6) apply a read-out vbltage to a desired X-line in a 

■ ^ _ ^ - r read-out phase. A data switch circuit 30 comprises 

l+c^T" switches DS|thrOu^ DS„and detection resistors R. All 

5 the switches pSi through DSfl are grounded or short- 
The equation {€) shows that E ^ 0 in the ideal reso- circuited during a sustaining drive period, and a desired 
nance R -h 0. That is, the capacitor C (thin-film EL Y'line is kept m the short-circuited condition and the 
element) can be driven without power supply of Ei(- others or non selected Y-lihes are opened during a 
— E2) in the voltage drive of H-Vj to — Vj when the write-in phase. A circuitry 40 controls a line separation 
capacitor C is first charged to the voltage level V. in writing and reading operation and functions to hold 
Whereas, E = V when the resistors R] and R2 satisfy the the sustaining amplitude in the resonance drive. 50 des- 
condition ignates a memory matrix EL panel to be driven. The 

system further includes a compensation circuit 60 for a 
half selected level in writing operation, a sustaining 
potential stabilizing circuit 70, and a line erasing' circuit 
80. 

. * , . . , . . T , The operation of the above system will be described 

This IS due to the cntical dampmg condition. In the hereinbelow. 
actual circuit, O <E< V <2E. That is the loss becomes 

small as 20 I, SUSTAINING DRIVE 

In the sustaining drive period, all the switches in the 
^ y- E ^ g-o— data switch circuit 30 are closed and, therefore, the 

^ / circuit of FIG. 8 can be simplified as shown in FIG. 9. 

In FIG. 9, R/is an estimated resistance value of one line 

becomes large. and cl is an estimated capacitance value of one line. 

FIG. 6 shows a detaUed circuit construction of the -^he circuit of FIG. 9 can be more simplified as shown 

drivmg circuit of the present invention. inFIG. 10. RT includes the "on resistance of the switch- 

In FIG. 6, C IS a capacmve component of the thm- ^ ^^^^^^^^ j^e forward resistance of the diode, the loss 

fihn EL element, D, and D, are holdmg diodes T is a • transformer and the emission loss in the EL panel. 

transformer for the resonance coUs L. and L^, Tr, and 30 ^^^^^^ ^^^^ ^^^^^^ ^ non-linear fashion as 

Tr, are switchmg transistors^ T, and T, are couphng ^^^^^ ^ ^ ^ 

traasformer, U.and U.are TTL mveiters of the opened ^^^^^^ ^si^tanc^ loss for the purpose of simpUcity. 3n 

collector type, and P, and Pj represent switchmg pulses. k *~ f j 

The winding ratio of the primary winding and the sec- * 

ondary winding of the transformer T is 1 : 1. The pulse 35 ^ ^^^^ ^ 

width of the pulses P, and P2 is greater than the half ^ ^. 

period of the natural psciUation but smaller than the ^^ere: m is the number of X-line. 

natural oscillation period FIG. 11 is a detaUed circuit diagram of FIG. 10. FIG, 

When the timing puls^ P, and Pj ^applied to the j^Ca) Ulustrates switching pulses, FIG. 12(b) iUustratesa 

arcmt at the periods a and cshovmrnHG. 4(a), r^^^^^^ 40 discharge current waveform, and FIG. 

tively the Uansistors Tr, and Tr, are controUed to ^3(0) Qlustrates a driving voltage waveform to be ap- 

switch between on and off m synchronization with said ^j^^ ^ j^^^^ 

pulses and, therefore^the voltage shownm FIG 4(b) is ^ ^ indha,&. 

^wtl^^^e ^JZ^iSZ:S^'^l « f^Vl^y^^ the specification of which is as follows: 

as a sustaining pulse. In this embodiment, the driving line pitch: two hnes/mm 

voltage amplitude can be selected within a range of zero X-hne (transparent electrode) 7 320 Imes 

to E(l + by varying the pulse width of the f'^T ^^^'"f"^ V".f a w 

pulses P, and P^, which control the on period of the display character: 64 lands of Roman letter, Ai^ic 

switching elements Tr, and Trj, in a range within the 50 numerals, 

half cycle period symbols m a 5 X 7 dot matrix structure 

FIG. 7 shows' a principal construction of another numter of characters displayed: 
embodiment of the present invention. In this embodi- X-direction (scan direction) - 32 characters 
ment, the capacitive component C is charged by a Y^irection (data side) - 24 rows . 
powersourceEthroughtheswitchSW„thecoilL|and 55 manmum number of characters displayed - 1248 
the diode Di, and the capadtive component C is dis- characters 
charged through the diode D^, the coil Lj and the effective number of lines dwplayed: 
switch SW2. In this embodiment, only one DC power X-direction — 260 hnes (one line space) 
source is required to perform the alternating voltage Y-direction - 168 lines (two Une space) 
drive. 60 In FIG- 11= 

FIG. 8 shows stiU another embodiment of the present U : TTL of the opened collector type 
invention, wherdn a multiple phase resonance sustain- Tr : switching transistor 
ing drive circuit is employed to minimize high voltage T, : couphng transformer . . • 
requirement of a writmg circuit. ^ • protective diode 

A sustammg drive circuit 10 is a three phase reso- 65 ^i* ^2 • holding diodes 
nance sustaining drive circuit. A switching circuit 20 T ' resonance transformer 

controls write-in operation and read-out operation. The elements corresponding to those of FIG. 8 are 

switching circuit 20 functions to apply a write-in volt- indicated by like numerals. 
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In the circuit of FIG. 11, the circuit constant is se- ^ ^*^**> 

lected as follows: 
Inductance of the resonance transformer — L = 29 
mH 

The panel c^adtance when the effective number of 5 
lines for display are connected — Cj- = 0.377 fiF 
The clock pulses <^i, <^2 4*2 shaped as foUows: 

pulse width — 200 fiscc. 

repetition of respective pulses — 330 Hz 
The resonance drive is performed under the foregoing 10 
condition. 



10 







« 215 volts 


Hold voltage ^ 




= -230 volts 




-5- 70 volts 




+E, 


a 180 volts 


Power voltage ^ 


= -135 volts 




Natural otcOl&tion : 




4-3KH2 



15 



By taking the foregoing results into consideration, the 
constant resistance RT, which includes a transparent 
electrode resistance of the thin-film EL panel, the on- 
resistance of the switching transistor, the non-linear loss * 
of the thin-film EL panel in the large aniphtude drive, 
the forward resistance of the diode and the loss in the 
coil, can be calculated as follows: 



RT= 1150-125 0 
The attenuation constant can be calculated as follows: 

a = 2 X 10* 



1} = exp (-air//) = 0.30 - 0.32 



35 



45 



. The EL panel has a three layer construction as shown 
in FIG. 1, that is the ZnS (Mn) layer is sandwiched 
between the insulating layers. The sustaining emission 
can be stabilized when the driving voltage has asym- ^ 
metric configuration even though the construction of 
the EL panel is symmetrical. Therefore, the driving 
voltages +Vi and — Vj are selected not to have the 
same amplitude. This is due to the fact that the crystal 
condition differs from each other on the front and rear 
surfaces of the EL layer. That is, the particle size is 
small and the orientation is not satisfactory during the 
first period of the evaporation, but the particle size 
becomes large and the orientation is enhanced when the 
thickness of the layer becomes long. Therefore, the 
depth of the surface level and the probability of the. 
electron trap differ from each other on the front and 
rear surfaces of the EL layer. 

The above-mentioned £L-display panel has a size 
corresponding to an eight inches Braun tube, or, 12 cm 
X 16 cm. In this embodiment, the rear electrode 5 is 
made of aluminum. Since the one electrodes are trans- 
parent electrodes 2 and the others are metal electrodes 
5, the transparent electrodes 2 are preferably positioned 
on the shorter side, or, the vertical side, in order to 
reduce the series resistance of the circuitry. Therefore, 
in this embodiment, the X-line electrodes, are made of 
the transparent electrodes and the Y-line electrodes are 
made of aluminum. Referring again X6 FIG. 12, the 
three phase resonance sustaining drive will be described 
hereinbelow. In this chart, 

Kh= Kjexp(-air//) . .. 



60 



In order to facilitate the understandmg of the present 
invention, the coefficient i; can be considered as a coef- 
ficient which shows additional increase of the potential 
to be applied to the capacitive component C after the 
half cycle of the LC resonance with respect to the po- 
tential difference applied to the LC circuit. The coeffi- 
cient 7} has already been formulated in the foregoing 
description. 

When the first switch SWi is closed by the first timing 
signal (^], the capacitive element is connected to 
receive the voltage difference created by the third hold 
voltage V/f and the first power supply voltage Ej, and 
the voltage is held at the first hold voltage V,, which is 
the value determined by the above-mentioned voltage 
difference and is overrunning tj times the above-men- 
tioned voltage difference. 



20 



(7) 



30 



Similarly, the second switch SW2 is closed when the 
second timing signal iftiis developed, and the voltage is 
held at the second hold voltage V2. 

-y^^ -E^-riiV^ + B^ (8) 

And the third switch SW3 is closed when the third 
timing signal (f^jis developed and, therefore, the voltage 
is held at the third hold voltage Vff. 



(9) 



In this way the three phase drive is accomplished. 

The multiphase sustaining drive in more than three 
phases can minimize high voltage requirement of the 
data switch elements DSi, DS2, . . . , since the write-in 
operation can be effected during the third phase or in 
the third hold voltage Vj^, which has an intermediate 
potential level 

2. WRITE-IN DRIVE 

The reason why the high voltage requirement of the 
data switch elements is minimized will be described 
herembelow. The high voltage requirement of the data 
switch elements D5 in the data switch circuit 30 can be 
minimized by performing the write-in- operation during 
the period of ^e intermediate potential level Vj^. 

Now assume the condition when the write-in opera- 
tion is effected on the picture point M 0, i), that is, the 
point of the j-th row and the i-th column in the matrix 
panel 50 during a period of time when the intermediate 
potential hold voltage Vj^ is applied to the panel The 
write-in switch WSi of the i-th column is short-circuited 
to a write-in voltage (in this test model 270 - 280 
volts), and the remaining switches WSj^(/: /) are kept 
open. And the j-th row switch DSy in the data switch 
circuit 30 is kept closed and the remaining ' switches 
DS/ (/ # j) are open. The operation will be described 
with reference to FIG. 13. In this time chart, the sym- 
bols AVjy^and A Vj^ represent the following values. 



a 

n 



The Y-line receive the following voltage except the j-th 
line in this write-in operation. 
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The high voltage requirement to the switching eJe- 
n - 1 ey ^ (10) mcnts of the Y-line: 



^f"^ (m- 0 + (n- 1) 



SOvoltt 



Therefore, the data switches DS are constructed so as s 

to tolerate the above-mentioned voltage The volt- The reduced value of the high voltage requirement: 
age Vfif is reduced by provision of the intermediate 
level Vff as compared with the case when the write-in ~ 
operation is effected from the ground potential 



10 



(w - I) + (n - 1) 



The half selected level at the non-selected picture point 
on the i*th scanning line: 

V;v3,^ IM volts 

In the matrix construction of m = /i > > 1 (m is the -rua. u^u^^^^^*^a i^.-i « * j * 

- ^ ^ , , , Tne nail selected level at the non-selected picture point 

number of Imes m the X direction and « is the number is ^j^ta hne- f""*^ 

of lines in the Y direction, that is, an m x n matrix 

pattern), the equation (10) can be modified as follows: y^^^ I50 volts 

This satisfies the condition (6) and, therefore, the 

_ ^w- write-in operation can be effected on the selected point. 

^~ I 20 In a simplified example, or, m = n > > 1, the equation 

(14) can be applied. From the equations (14) and (15), 

Therefore, the high voltage requirement is minimized the level Vj^can be selected within the following range. 

by 

In the foregoing description, the high voltage re- ^« > - (ifi) 

qixircment is compared with the case where the write-in 25 

operation is carried out from the ground potential. The '^^^ ^^S^ voltage requirement of the data switch 
write-in operation of the present invention is more ef- ^""^"^^ minimized by selecting the intermediate 

fective as compared with the two phase drive, wherein ^^^^^ ^^B^ possible within a range not to effect 
the write-in operation is conducted during a period write-in operation at the non-selected picture point, 

when the second level - V^ is held and in which the 30 3 RENDER INTERMEDIATE LEVEL 

high voltage requirement is Vf^ + Vj/l. VAIOABLE 

The non-selected points on i-line receive the follow- 
ing half selected level V^ss/during the time period when . desired that as described previously the interme- 
write-in operation is conducted to one picture point. ^^^^^ ^ sufficient not to cause erroneously 

35 writing into any half-selected picture points. However, 
- v^ + (n- {Vf^ - Vp) <12) ^ much difficult for the EL display panels to always 

^NSi- A^»v= — ~ ~ — ensure reproducibility of the various operating charac- 

teristics thereof (e.g., the capacitance between both 
The non-selected points on j-line receive the following electrodes) with accuracy because these EL display 
half selected level V;v5 during the time period when ^ panels comprise sequentially deposited thin-films on the 
write-in operation is conducted to the picture point M P^*®^ ^ viewed from FIG. 1. Preferably, the EL 

(j^ j). display panel driving circuitry is, therefore, constructed 

to enable adjustment for the intermediate level and then 
Vab^= Vfl+ (13) the intermediate level is selected at a desired value in 

45 accordance with its associated EL display panels. 
When m = « > > 1, the following equation is derived The following sets forth how to render the intermedi- 
from the equations (10), (12) and (13). ate voltage variable. 

The first approach is to connect the one end of the 
Vj^+ v„ <M) third sustaining switch SW3 within the sustaining cir- 

^ws/= ^ssj^ 2 50 cuitry 10 with the third variable power source E3' 

(shown in FIG. 14) rather than ground potential. With 
The "half selected*' means a condition with either one this arrangement, a new intermediate level Vfj is given 
of the X-line or Y-linc of the picture point is selected. as follows: 
The condition which prevents the write-in operation in 

the half selected but non-selected picture point is ex- 55 ^li = (» + 1) (£3' + ^9 - ^2 = (i + 17) ^j' + 
pressed as follows: 

^NSf ^NSj < V| (15) with varying intermediate level, the first level is of 

course varied pursuant to the formula (7), The first 
In the driving circuit of the test model, 60 power source is also made variable to avoid such varia- 

V, = 215 volts; tions in the first level Vi. 

V ^ = 275 volts; The alternative approach is to render a period of time 

Vjy 70 volts; where the third sustaining switch SW3 is closed vari- 

m = 260 able. In other words, the width of the third timing pulse 

n = 168 65 <f>3of FIG. 12 becomes variable. When the closed period 

and, therefore, Vp^ V^th Vjyj.and V^vsyCan be calculated is variable within a range smaller than the half of the 
as follows through the use of the equations (10). (11), natural oscillation period, increase in voltage from the 
(12) and (13). second level-Vj up to the intermediate level Vjy' will be 
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correspondingly blocked. As a result, the intermediate half-sclcctied level compensation drcmtry 60 is to pre- 

level Vjy can be arbitrarily established in accordance vent such errors in writing operation, 

with changes in the pulse width. Similarly, in this in- It will be obvious from the formula (17) that decrease 

stance the first power source is made variable for the in the necessary breakdown voltage produces in- 

reason discussed above. ^ crease in the non-selected levels at the non-selected 

picture elements M (/, /)» first scanning line. 

4. CX)MPENSATION FOR HALF-SELECTED Therefore, these errors m writing on the non-selected 

LEVEL IN WRITE-IN OPERATION picture elments M (i i) are due to the fact that the 

In the foregoing description, no attention is directed necessary breakdown voltage declines when the 

to the compensator 60 for half-selected level in writing. 1° number N of data selection is increased To this end. the 

This circuitry 60 is adapted to eliminate errors in writ- breakdown voltage is required not to decrease to 

ing which occur when a number of data switches (Y such extent when the number N of data selection is 

Ikes) arc selected simultaneously at one time. The fol- increased. The circuitry 60 achiev^ the o^ect by con- 

lowing fonnula represents the half-selected level V^tt ^. ^he non^lw^ lines m the X hues with 

0 at the non-sdccted picture elements M (/, 0 (wherein compensation level V from the source E, via a switch 
/=feAJ+l.,,.J + N-l;asdesignatcdbycirclesin SW^m the wntmg mode. ^ . . , . 
ma 17 on he first scamiing line when one line (that is, ^ FIG- 1« Jlustotes waveforms of various signab in 

1 line) is selected within the sequentially scanned lines ^ case where the compensaUon circmtry 60 is added. 
^ vT r uuZ i ii«o tfcrrmli, i J- M 1 line^ are Th^se waveforms are illustrated when the sustammg 

and N hnes (tha^^^ J 1^^^ " ^ ^0 ^vel is stabilized as will be described later on. 

selected withm the data hnes (Y hnes). foUowing formulas show the half-selected levels 

VcAcy il 0 and Vcns (J» ^) at the non-selected picture 
elements M (A j) and M (J, k) respectively when the 

^/«0«0 =^r-_^jP'= compensation switch SW^ is closed in synchronization 

Nim - 1) + (n- ^ ■^'^•^ M(„^\)^„-N ^» with the writing rhythm. 

whennnm,«»N. VcssUn ^ v.^ v.- 0^) 

From the relationship AV^, H- ^ - al- ^ ^20^ 

though AVjy, may be omitted in the half-selected level 

Vns 0 defined by the above formula (17), the half- Under these circumstances, the compensation level 
selected level is represented as Vp^oT convenience V,ycis established to meet the relationship as follows: 
sake since a V, stabilizing circuitry described later 

serves to render AVjy,zero. Vcns^J- 0. VcssiJ* *) < y\ (21) 

Meantime, the half-selected level (/, k) at the , , 

non-selected picture elements M (J, k) (wherein J = / ; For examples, the formulas (19) and (20) are rewnttcn 
-I- 1. ... J + N - I; as designated by triangles in FIG. as follows when Vcns (t 0 = ^cns 
CI) on /' data Ime is given as follows: 

v^^- y„ (22) 

v^hiD^v^^y. AO 

n - N y . Mn-l} y (18) 

~ tfim-\) + (n-iV) Nim-\) + {fi-N) » -j^g inventors' experiments reveal the facts that the 

satisfactory results are given under the conditions: V^f. 
wherein m, n > > N. = 275 V; = 70V and V, := 215V. In this case 

In this stance the formula (18) with respect to the 
half-selected level is duly justified because of the rela- ^ 

tionship AVjy < Vp 2 ^" 

The non-selected level at the non-selected picture 
elements M (/, k) {k ^ i : I ^ I j^l, . ^ . i +N- 1; ^jjyg requirement defined by the formula (21), 

designated by squares in FIG. 17) is AV^. 

To consider errors in writing in the non-selected y^^ y^ 

picture elements, careful attention should be directed to — 5 ^ ^» 
the half-selected levels Vns (A 0 and Vj^ (J, k) defined 

by the formulae (17) and (18). TABLE 1 lists the half- is completely fialfiUed. 

selected levels for the respective values of the number 55 pjQ. 19 is a detailed circuit diagram of the embodi- 
N of the data selection in the embodiment. ment wherein the half-selected levels are under control 

TABLE 1 ^ variable resistor 62. In the given embodiment the 

first sustaining power source Ei is also utilized as a 
power source and no particular compensation power 
60 source is required. 

5. SUSTAINING LEVEL STABILIZER 



N 








I 


194 


130 


80 
50 


2 


225 


120 


3 


23B 


106 


36 


4 


247 


98 . 


28 


wherein m 


= 260, « = 1( 


V^=70V,V^ = 


275V, 



A sustaining level stabilizer circuitry 70 is means for 
preventing the amplitude of the sustaining waveform 
Analysis of the above table reveals that writing opera- 65 from varying in accordance with variations in voltages 
tion will be taken place on the . non-selected picture of the respective picture elements which occur in the 
elements M (i 1) (/ Tty:y+ 1, . . . , J-l-N- 1) when N^2 writing mode. In the event that voltage of the respec- 
because of the existing relationship V^(il 1) > V,. The tive picture elements is varied (for example, increased 
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to the level higher than Vj^) m the writing mode with- Although the charge, amplitude on the scanning i line 
out utilizing the stabilizer 70, the first level will be held differs from that on the.scanhing k lines (k /). all the 
somewhat lower than V, as clear from the formula (7) residual charges can be vi'ewed as being approximately 
when the first sustaining switch is closed at the first averaged. The average C of these charges is as follows- 
timing. 5 

At the second timing the second level is held at a . 
value smaller than the absolute value of -Vj as clear + (m^-i) AC 

from the formula (8). The sustaining of the lumines- ^c: » — -j^ i- ^ 

cence status or non-luminescence status will be influ- 
enced adversely due to these deviations. 10 since all the scanning lines are separated via diodes in 

The mode of operation m the absence of the stabilizer the separator 40 in practical use, the residual charges on 
70 will be set forth m more detail with reference to FIG. the respective lines stand at the hold status. As a conse- 
13 to facduate understanding of the function of the quence, the averaging of the charges throughout the 
sta^^lizer 70. panel is not possible but the above assumption is made 

The mventors expenments are earned out m the case 15 purpose of explanation only 

^^^^f-selected level compensation circuitry 60 is The formulas (23), (24) and (25) in combination with 
included. Increase m themtermediate level. V^due to AV„= A C/Q derived from the formula (26) are re writ- 
the residual charge is effected as follows. In the writing ten as follows: 
mode, all the scanning k lines (k ^ i) arc connected to 

the half-selected compensation voltage V^^cxcept the ^0 AKjr,= Umn [Niv^f^Vj^) + (a-ao 

scanning / line is connected to the writing voltage V,^. {k»^(k^_ y^)} +yv(m- 1) {y^~ y„) . (27) 

Voltage of non-selected lines in the Y direction during 

the writing mode is increased up to the half-selected Analysis of the formulas (27) and (25) shows that A F, = 
compensation voltage Vf^c since these lines are all -2V when N = 10, = 275 V.V^ = 70V, Vh^c = 
closed. The scanning i line carries the residual charge of 173V, m = 260, n = 168 and tj = 0.3. Tliereforc. means 
the following amplitude AC/ in the writing mode. for stabilizing the sustaining are required. 

The stabilizer 70 serves the purposes of copying the 
-miv yt^-\-{n-N){yjy-{ y^c - VtS^ ^^^^ intermediate potential to the predetermined intennedi- 

5 ate potential after the writing operation. As suggested 

by the stabilizing timing <f)p in FIG. 18, a stabilizing 
wherein . /7J, n > N in a matrix of mxn and C/is the switch SW^jis operated at the timing intermediate the 
one-line capacitance. writing phase <f>». and the next succeeding sustaining 

The residual charge amplitude ACjt on the scanning k P^^® f^"^ sustaining phase <f), in the given example) 
lines (Jt i) is given as follows: 35 the intermediate level V^yfrom the power source 

Ejjis supplied to all the picture elements. Comparison of 

mwc -^h) (24) ^^^^ applied voltage at 

AC* = C; the respective picture elements is held at the predeter- 

mined intermediate level V^ after the writing mode. 
The f6Ilo^ying is for increase in the intermediate poten- 40 <^P«=ration of the stabilizing switch SW^ shorts the vblt- 
tial V^. AVoT/ suggests incr^e of the intermediate ^^es at all the scanning lines into the intermediate po- 
potential on the scanning / line, whereas A V^h suggests teiitial V^. 

the counterpart on the scanning k lines (k =^ /)* shows an example of the stabilizer circuitry 

set forth above. A terminal 71 is the correspondence to 
AC^ 45 the thermal 71 of FIG. 8. With such arrangement, no 

c, particular power source is required because the sustain- 

ing power source E, is utilized as the power source. A 
A^cff=-c^ terminal 73 is held at the intermediate potential 

' through adjustment of the variable resistor 72, Altema- 

Tu^ \f ™«u AC u A 1. T ^ .« 50 lively, the resistor 72 may be of the fixed resistance type 

'k!^^ T f P^°P«^»y the inherent value thereof. AX^ 

xxon when the first sustammg switch SW, is defined as though in the illustrative embodiment the stabilizer 70 

L^L"^' ""'^ '"""^^ f^^"^^^'^ ^ P°*^^ti^ P^^tive writing 

wnmig. voltage is applied when the potential is positive, it may 

= + T, _ yjj) o) ^5 adapted to raise the potential when the writing is 

effected via negative voltage. 

The variatiojns AV, in the furst level -|- V, are repre- 6. MORE THAN FOUR PHASE SUSTAINING 
sented by the followmg formula on the assumption that ^ 

all the scanning lines (X lines) are increased by AV^. concept of the present invention is applicable to 

60 not only three phase sustaining but also more then foiu* 
AV, = - TiAVj, (25) phase sustaining. This application will be discussed 

taking an example of four phase sustaining operation. 
Decrease of about 30% appears at the first level Vj if the FIG. 15 is a simplified circuit diagram which corre- 
intermediate level V^is A Vjy increased because of spends to FIG. 10 of the three phase examples. This 

65 includes sequaitially-operated sustaining switches SW I, 
1) = exp (-a-2. ) 4. 0.3 - 0 32 associated with the timing 

/ ^ ' * <f>i being connected to the first power soiirce E|, the 

third associated with the timing (f^j being connected to 
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the second power source — and the second and the switches of the write-in control in a matnx structure 
last being connected to ground potential, since only one switch is selected at one time. 

The operation of this circuit arrangement will be FIG. 21 shows an embodiment of the write-in switch- 
described referring to HG. 16. When the sustaining ing circuit 20. In this drawing, D arc protective diodes, 
voltage stands at the fourth level V4, the first sustaining 5 The circuit selects any one of 260 output wires with the 
switch is operated and the potential difference is varied use of 36 input wires, that is, ten wires in a side and 
as foDows: twenty-six wires in j8 side. 

. Transistors WSA| through WSAio function to am- 
Vi^ £i + - -E*) plify input signals since switches WSj through WS2£o 

10 function to switch a high-voltage write-in voltage Vw 
The ftfst potential V, is held. The following variations (in this example. 270 to 280 volts), and they are not 
occur at this time: responsive to a low level signal. The required numbers 

of transistors WSA| through WSAjo is considerably 
-^2- -11K, reduced to ten although the switches WS, through 

WS2io arc so numerous. 

8, RAPID WRITErIN DRIVE 
In the foregoing embodiment, only one vertical line is 
The second and the fourth potentials are at the intcrme- selected to be written-in during one cycle of the sustain- 
diate level. The writing pulse <f>fKniay be applied during ing pulse, or, during the intermediate potential period, 
either one of these two periods (in the given example. Therefore, the write-in speed is determined by the fre- 
the fourth potential period). Five phase or eight phase quency of the alternating sustaining pulse. The fire- 
sustaining operation becomes possible through the use quency of the sustaining pulse can not be so high be- 
of different level positive (or negative) power sources. „ cause of the following reason. 

In the case where the writing operation is carried out Since the present EL panel has large capacitance 
with positive voltage during the positive intermediate (about 0.3 fiF in the eight inches panel), the power loss 
level period (V4) in this manner, the half-selected level will occur in the driving because of the displacement 
compensation circuitry 60 and the sustaining level stabi- current The power loss is considerably reduced by the 
lizer 70 can be connected in such a manner as shown in 30 LC resonance drive system, but the power loss becomes 
the FIG. 8 embodiment When the write-in operation is large as the frequency of the alternating sustaining pulse 
carried out with negative voltage during the negative increases. The uniformity of the brightness at the wnte- 
intermediate level period the half-selected level in operation and the erasing operation is unavoidably 

compensation circuitry 60 must be connected to the reduced when the frequency of the sustaming pulse is 
negative power source -Ej and the stabUizer 70 must 35 increased. Moreover, the EL dBplay panel is vibrated 
be connected to the negative positive power source E,. by the sustainmg pulse. In the foregoing embodiment, 
In this case, the respective power sources E.and E^jare the frequency of the altematmg sustammg pulse is sev- 
neeative ones ^ eral hundreds hertz, but the vibration creates obstruc- 

^ tive noises when the frequency is increased. Therefore, 

7. SWITCHING CIRCUIT 20 FOR 40 it is required to determine the write-in speed without 

CONTROLLING WRITE-IN OPERATION regard to the frequaicy of the sustaining pulse. 

The switching circuit 20 controls the opening and Referring now to FIGS^22. 23 and 24, wherein write^ 
closing of the respective switching elements (transis- « operaUon is conducted to plural hnes durmg one 
tors) Arough the vse of m input terminals (in this em- cycle of a sustammg pulse or durmg an mtermediatc 
bodiment m=260) and develops m output signals for 45 Potential penod. r a • t 

write-in ooeration. a j-row waveform and an i-column 

Such a construction requires a plenty of input wires waveform to conduct Ae w^^^ operation onto the 
and is not convenient. By the way. the present EL drive Pf«re pomt Q.0, that is. the j^h row and i-th «, umn. 
circuit is characterized b that oriy one line in the scan- "^^-^^ P»«|f! P^!^ (intermediate potentul per- 

ning line or X-line ofthe EL matrix panel is selected to 50 '"^^^ f f*'*!? '^^.^oM 

t. -. speed That is, the voltage hold penod ts is selected at 

be switehed for wnte-m P^^^^"* ""^f^" ^^.^ theWe length as the resonance period although 

plurality of hnes are not dnven at the same time » ^ y,^^ 

Wher^ the many data switches may be sdected at tl^e period /.can be zero ^ce the present 

same time. For example, when the character E is ^L f has the hysterwis memory function, but the 

d«ired to be wntten-m. the foUowmg switches are ^^^^ selected to satisfy the. condition /. = /, by 

. . ^ _e „e _,c taking the time delay of the light emission into consider- 

Pt/^f ^ " " " " ation. Therefore, the write-in phase period is ex- 

DSj.DS5.DS,andpS, pressed as follows: 

The second wnte-m operation — WS2, DSi, DS4ana ^ 

DS7 3/,- 2/,= f,- 5/, 

The third write-in operation — WS3, DSj, DS4 and 

DS7 The periods T, and r^ can be easily varied by control- 

The fourth write-in operation — WS4, DS| and DS7 img the interval of the application of the timing pulses 

The fifth write-in operation — WS5, DSj and DS7 53 ^ and <f>3. 

The required number of the input wires of the switching The resonance period t, is determined by the capaci- 

circuit can be reduced by constucting the selection tance value of the display panel and the inductance 

value of the resonance coil. 



08/09/2003, EAST Version: 1.04,0000 



When the frequeacy of the suistaining pulse is 330 
hertz, one period to is 3000 /isec. and the pulse width of 
the puls^ 4>„ <^2 ^3 is y^^' the write-in 
phase period /j is: 

/j « 3000 - 5 X 150 2250 Oascc.) ^ 

When the pulse width W, of the write-in pulse is 
selected at 100 pisec. and the spacing between two adja- 
cent write-in pulses is selected at 100 fisec., eleven |q 
write-in pulses can be positioned in one cycle. This is 
because: 

2250 -i-(100 + 100} =11 

FIG. 23 shows an example of the write-in operation- 
In this example, three picture points (X/> Yy,), (Xi+i, Yyi) 
and Yy2) are written-in in one cycle. The written 
points are indicated by three triangles in FIG. 24, and 
the area covered by oblique lines is the write-in enable 
area. In the embodiment of FIG. 22, the picture point 20 
QCf, is written-in (indicated by a circle in FIG. 24), 
and the area shown by cross-oblique lines is exposed to 
write-in operation during one cycle period of the sus- 
taining pulse. 

9. LINE ERASING CIRCUIT 

The line erasing circuit 80 comprises data line separa- 
tion diodes DE, respective one terminals of which are 
connected to the connection points of the EL display 
matrix panel 50 and the data switches DSi, DS2, . . . , 30 
and DSa of the data switch circuit 30, and the other 
terminals of which are commonly connected with each 
other and connected to one terminal of an erasing 
switch SE. The other terminal of the erasing switch SE 
is connected to an erasing voltage terminal which is 35 
connected to a power source Ef. 

The operation for erasing the data line J will be de- 
scribed with reference to FIG. 25. The erasing switch 
SE is turned on before the time when the switch SW, is 
turned on by the clock pulse (|>|, thereby to turn off the 40 
data switch DSj on the line desired to be erased. The 
data switches DS^^are kept on in order to maintain the 
sustaining drive. Under these conditions, when the sus- 
taining operation is performed on the scanning lines 1, 2, 
. . . , and m by switching on the switch SWi by the clock 45 
pulse the data liney is cramped in the erasing voltage 
V, since the data line j is in the floating condition. That 
is, the picture points on the data line j are connected to 
receive the erasing voltage, or. the voltage — 
when the scanning line 1, 2, ... , and m are supplied 50 
with the sustaining voltage Vi through the switch SWj. 
This erasing voltage corresponds to the voltage V3 in 
FIG. 2. The data lines / ^7 except the erasing line J are 
supplied with the sustaining voltage Vi. 

In this way, the erasing voltge is supplied to a desired 55 
data line / All the picture points on the data hne j are 
erased, and the remaining lines / ^7 are maintained in 
the previous condition by the sustaining pulse. 

liie data line to be erased is not limited to. one, but the 
line number for erasing can be selected at a desired 60 
number. 

The data line j is connected to receive the erasing 
voltage V^, the pulse width of which is identical with 
one period of the sustaining pulse, and the erasing oper- 
ation is conducted once. However, it is preferable to 65 
supply the erasing pulse four times or five times in order 
to ensure the erasing. Therefore, in a preferred embodi- 
ment, the pulse width of the erasing voltage Vf is se* • 
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lected at five times the pulse width of the sustaining 
pulse. 

Detailed circuit construction of the data switch cir- 
cuit 30 and the line (erasing circuit 80 is shown in FIG. 
26. The data switches DS| through DS„ are made of 
transistors, and the erasing switch SE is also made of a 
transistor. The erasing switch SE is controlled by 
apha se control pulse <f»£ through an amplifier 
1^X7406/6 and a pulse transformer PT. The erasing 
power source V^is selected at a value corresponding to 
a voltage difference between the erasing voltage and 
the sustaining drive voltage, or, in this example, at 25 
volts. 

10. READ-OUT OPERATION 

The read-out operation will be described with refer- 
ence to FIGS. 8, 27, 28 and 29. 

The read-out system mainly comprises the read-out 
drive circuit 90 and detection resistors R connected to 
the respective data lines. 

Referring now to FIG. 27. in the read-out drive cir- 
cuit 90, a linear wave generation pulse (^/, which takes 
high level during a first half period of a read-out phase 
is apphed to the base terminal 65 of a transistor Qi. 
TTierefore, the transistor Qj turns on, and a PNP transis- 
tor Q2 functions as a constant current source to charge 
a capacitor C,. A voltage appears at a point B by the 
constant current L 

' •'0 

where: C^is a capacitance value of the capacitor C,. 

The pulse width of the phase 4»,.is selected at T so that 
the maximum value of the voltage equals the sustain- 
ing voltage Vi. That is, 

T> c/ix K, 

In this way, the linear waveform appears at the point B. 
This linear waveform is applied to a line A of the 
switching circuit 20 via a driving transistor Q3. The 
transistor Q3 functions to prevent an undesirable influ- 
ence from the capacitive component of the line to the 
linear waveform generatioiL A diode functions to 
protect the transistor Q3 from the write-in voltage V^r 
applied to the line A. 

A hold voltage recovering pulse <f>/', which takes a 
high level during a second half period of the read-out 
phase <f>p is appUed to an input terminal 66 of a transistor 
Q4. The transistor Q4 turns on during the high level 
period of the pulse and develops the voltage VH to 
the line A. This potions to change the voltage level of 
the line / from the read-out voltage Vj to the hold level 
VH, and to change the potential of the capacitor C,to 
hold level VH. A diode D^j functions to protect the 
transistor Q4 when the line A bears a less potential than 
the hold level VH, 

FIG. 28 shows a detailed construction of the data 
switch circuit 30. 

The data lines / through n are connected to the col- 
lectors of the NPN transistors DS, through DS„ respec- 
tively, ^e emitters of which are grounded through the 
detection resistors R. The connection points of the emit- 
ters and the resistors R are connected to the positive 
terminals of comparators Ci through Cb, respectively. 
The negative terminals of the comparators Ci throu^ 
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C„ are connected to a polarization current separation 
power source Wf The respective output signals of the 
comparators Ci through are developed through 
gates Gi through Go, which are controlled to open 
during the read-out period by the pulse ^r- ^ 

During the read-out drive periodi a read*out mode 
switch RS is closed, and the line switch WS,on the 
scanning line is including a picture point M (il 7) to be 
read-out is closed at the phase <f>, during the intermedi- 
ate hold period (VH). At this moment the switches DS| lO 
through DS„ on the data lines / to /i are closed Upon 
provision,of the pulse 4>A the linear waveform agnal is 
applied to the scanning line / via the line A and the 
switch WS/. When the linear waveform signal is ^plied 
to the line / for read-out purpose, the light emitting 15 
conditions of the pictxire points on the line / are not 
influenced, and a displacement current including a po- 
larization current flows on the data lines 1 through n in 
response to the light emitting conditions of the respec- 
tive picture points on the data Hnes 1 through it The 20 
light emitting conditions of the respective picture points 
on the line / can be read-out by separating the polariza- 
tion current from the displacement current. 

Now assume the condition where only the picture 
point M ft j) on the scanning line / is in the light emitting 25 
condition and the remaining picture points M / ^j) 
do not emit light. The displacement current id due to 
the capacitance of the picture point and the polarization 
current /pdue to the lig^t emission are superimposed and 
flow on the data line / On the remaining data lines / 30 
/, only the displacement current ij flows. 

When the linear waveform has a slope of dV/dt and 
the picture point has a capacitance C, lie displacement 
current can be expressed as follows: 



The voltage appears across the resistor R. 



35 



40 



The polarization current rapidly flows when the linear 
waveform voltage exceeds the light emission threshold 
level, because the driving voltage is superimposed on 
the internal polarization field formed in the light emit- 
ting picture point, 45 

FIG. 30(a) shows a voltage waveform in the case 
when the polarization current flows, and FIG. 30(b) 
shows a voltage waveform when the polarization cur- 
rent does not flow. 

Since the displacement current id is based on the 50 
capacitance of the picture point, the polarization cur- 
rent ip can be separately detected when the separation 
voltage Vy higher than the voltage drop Cid*R) due to 
the displacement current j^is applied to the comparators 
Ci through C« as the comparison inputs. The compara- 55 
tor Cy on the write-in data line J develops a read-out 
signal, whereas the remaining comparators Cj^do not 
develop the output signal. The read-out signal from the 
comparator is AND gated with the pulse ^* and is 
shaped. After completion of the read-out operation, the 60 
read-out driver 90 supplies the line A of the switching 
circuit 20 with the intermediate voltage VH, thereby to 
return the potential applied to the picture point from 
V| to the intermediate level VH. 

The invention being thus described, it wiU be obvious 65 
that the same may be varied in many ways. Such varia- 
tions are nof to be regarded as a departure from the 
spirit and scope of the invention, and all such modifica- 



tions are intended to be included within the scope of the 
following claims. 
What is clahned is: 

1. In a drive system for a capacitive display dement, 
which writes desired information in the display element 
through the use of a write-in signal, maintains the infor- 
mation written in the display element through the use of 
a sustaining signal, and erases the information written in 
the display element through the use of an erasing signal, 
the improvement comprising: 

coil means connected to the capacitive display ele- 
ment in a series fashion so that an LC resonance 
circuit is formed in combination with the cs^ad- 
tive component of the capacitive display element; 

circuit means for supplying the capacitive display 
element with the sustaining signal through said coil 
means; 

said circuit means including a D.C. potential source, 
diode means and switch means; and 

said switch means selectively interconnecting said 
diode means in series with said coil means, said 
source and said capacitive display elements to se- 
lectively reverse the polarity of said source with 
respect to said capacitive display element in the 
provision of said sustaining signal. 

2. The invention defined in claim 1, wherein said coil 
means comprises first and second inductors; 

said diode means comprises first and second diodes in 
series respectively with said first and second induc- 
tors and in respectively opposed directions of con- 
ductivity; 

wherein said switch means comprises first and second 
switching elements respectively and alternatively 
interconnecting said first diode, said first inductor 
and said source in series with said capacitive dis- 
play in one conductive direction and said second 
diode, said second inductor and said source in se- 
ries with said capacitive display in the opposite 
conductive direction. 

3. In a drive system for an EL display panel which 
exhibits hysteresis behavior in its brightness versus ap- 
plied voltage characteristics, the improvement conipris- 
ing: 

a sustaining signal generation means for maintaining 
the light emission condition of the EL display 
panel, the sustaining signal having a maximum 
potential period, a minimum potential period and 
an intermediate potential period; 

a writing signal generation means for writing a de- 
sired information in the EL display panel; and a 
timing means for placing the writing signal on the 
intermediate potential period of the sustaining sig- 
nal. 

4. The drive system of claim 3, wherein the EL dis- 
play panel is a matrix memory EL display panel. 

5. The drive system of claim 4, which further com- 
prises a compensation circuit for compensating the sus- 
taining signal level in order to prevent erroneous writ- 
ing operation. 

6. The drive system of claim 4, wherein a plurality of 
writing signals are placed on an intermediate potential 
period of the sustaining signal. 

7. In a drive system for a memory matrix EL display 
panel which comprises scanning electrodes formed on a 
surface of the matrix panel and data electrodes formed 
on the other surface of the matrix panel, wherein sus- 
taining pulse signals are applied to the matrix panel 
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through the use of the scanning electrodes and the data 
electrodes in order to maintain the information stored in 
the matrix panel, the improvement comprising: 
means for applying the sustaining pulse signal to the 
scanning electrodes during an erasing operation 5 
period; means for applying an erasing voltage sig- 
nal to a desired one of the data electrodes during 
the erasing operation period; and 
means for applying the sustaining pulse signal to the 
data electrodes except the selected one for erasing 10 
during the erasing operation period 

8. The drive system of claim 7, wherein the erasing 
voltage signal has an amplitude suited for erasing the 
information stored in the tnatrix panel when superim- 
posed on the sustaining pulse signal applied to the scan- IS 
ning electrodes! 

9. In a drive system for a memory matrix EL display 
panel which comprises scanning electrodes formed on a 
surface of the matrix panel and data electrodes formed 
on the other surface of the matrix panel, wherein sus- 20 



taining pulse signals are applied to the matrix panel 
through the use of the scanning electrodes and the data 
electrodes in order to maintain the information stored in 
the matrix panel, the improvement comprising: 
means for applying a read-out pulse signal to the 

scanning electrodes; 
detection resistors connected to the respective data 

electrodes; and 
means for detecting a voltage drop across the detec- 
tion resistors for the read-out purpose. 

10. The drive system of claim 9, which further com- 
prises means for separating the voltage drop into a com- 
ponent due to a displacement current and another com- 
ponent due to a polarization current. 

11. The drive system of claim 10, wherein the separa- 
tion means comprises a comparator one terminal of 
which is connected to receive a voltage signal having an 
amplitude identical with the amplitude due to the dis- 
placement current 




25 



30 



35 



40 



45' 



50 



55 



60 



65 



08/09/2003, EAST Version: 1.04.0000 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 4,070,663 

DATED : January 24, 1978 

INVENTOR(S) : Yoshiharu KANATANI et al 

It is certified that erroi appears in the above-identified patent and that said Letters Patent 
are hereby corrected as sliown below; 

IN THE HEADING OF THE PATENT: 

Under "[30] Foreign Application Priority Data" 
insert the following: 

--Aug. 26, 1975 Japan 50-103781 

June 15, 1976 Japan 51-70850 

June 15, 1976 Japan 51-70851-- 

j3ignecl and Scaled this 

Twentieth jDaV of June 1978 

[SEAL] 

Attest: 

RUTH C. MASON 
Atusting Officer 



DONALD W. BANNER 
Commissioner of Patents and Trademarks 



08/09/2003, EAST Version: 1.04.0000 



